Successful growth of Mycobacterium lepraemurium has been achieved by use of a specialized diffusion chamber technique. The cell-impermeable porous chambers were maintained in animals for periods up to 50 days with and without macrophages and LM cells. A generation time of 6 to 8 days was found for the acid-fast bacilli in chambers containing macrophages when maintained in the mouse. Also, cell-free chambers maintained in the mouse gave a generation time of 11 days for M. lepraemurium. There was no doubt that chambers maintained in a susceptible host provided greater yields of bacilli than chambers maintained in a nonsusceptible host such as the guinea pig. In fact, better yields were obtained when the chambers were maintained in monolayer petri plate cultures of mouse peritoneal macrophages than when held in the guinea pig. The most pertinent observation was that living cells are not essential for growth of M. lepraemuriwn, and the results suggest that multiplication can occur in a cell-free environment within a susceptible host. These studies give evidence that the use of porous chambers has promising possibilities for further investigations on the cultivation of other fastidious mycobacteria.
A modified multiple-access diffusion chamber has been used for the propagation of cells derived from human embryonic tissues (7) . In utilizing this specialized technique, it has been possible to maintain certain established cell lines as well as the primary embryonic cultures for 75 to 90 days by implanting the chambers in the peritoneal cavity of the mouse, or in the abdominal musculature of the guinea pig. In view of a number of reports on the limited growth of the rat leprosy bacillus, Mycobacterium lepraemuriwn, by several investigators using various tissue culture systems (5, 9, 11, 13) , and the successful use of porous chambers for cultivation of avian malaria (10) , we attempted to apply the specialized technique to growth studies of this acid-fast bacillus in the chambers with and without tissue cells in the system.
The intracellular parasite M. lepraemurium has been of unusual interest because information on its growth characteristics may furnish useful leads relative to the growth parameters of the human leprosy bacillus, which still has defied all efforts at cultivation. In fact, the only significant growth that has been observed with M. lepraemuriwn has been in cells derived from an animal species susceptible to the infection (2, 6, 13) . Therefore, the tissue culture preparations utilized in these growth studies consisted of (i) the LM strain of mouse fibrocytes and (ii) mouse peritoneal macrophages. The LM cells were used because Wallace et al. (13) reported a two-to threefold increase of M. lepraemurium in a culture system with Earle's L-cells, and the macrophages were used because Chang (2) found a generation time of 7 days for M. lepraemurium in these tissue cultures.
This report summarizes the results obtained by use of the specialized diffusion chamber technique as a tool for cultivation studies of M. lepraemurium. Studies were conducted with and without the two types of tissue cultures in the chambers, and the chambers were maintained in vivo either in the mouse, a susceptible host, or in the guinea pig, a nonsusceptible host, and in vitro by holding the chamber in petri plate cultures Hanks' phenol-serum-water mixture. The contents of the chamber were harvested by forcing phenol-serumwater mixture through the chamber with a syringe attached to one polyethylene tube and through the second tube into a Shevsky-Stafford centrifuge tube. The bacteria were concentrated by centrifuging at 800 X g for 15 min. The supernatant was withdrawn to a desired volume, and the remaining suspension was transferred to a vial. The bacteria were separated from cell components by freezing and thawing, and yields of acid-fast organisms were determined by use of the technique described by Shepard and McRae (12) for bacillary counts. In certain instances, counts also were checked by the Hanks technique (8), and agreement between the two methods was excellent. However, to be consistent, only one method for counting was used throughout any given experiment.
Generation time. The generation times for bacillary growth were calculated by use of the log2 method of Finney et al. (3) in which G = t/(log2 b -log2 a), where G is generation time, t is time elapsed, b is the number of bacilli at the end of t, and a is the number of bacilli at the beginning of t.
Animals. The mice used were adult females of the CFW strain, weighing 20 to 25 g. Adult albino guinea pigs of either sex and weighing 400 to 500 g were used.
RESULTS
Growth of bacilli in diffusion chambers with macrophages. Groups of chambers first were inoculated with approximately 106 macrophages in Chang's 4:5:1 medium followed by an estimated inoculum of 3.0 X 106 bacilli that had been prepared from an infected fatty pad. Hence, each chamber contained a calculated 3:1 ratio of bacilli to macrophages. One group of four chambers was held at room temperature in Hanks' balanced salt solution as a zero-time control, and the test chambers were implanted into animals or set up in petri plate cultures. Groups of 16 chambers were implanted intraperitoneally in mice, each animal receiving 1 chamber. Also, groups of 16 chambers were implanted intraperitoneally in guinea pigs, each animal receiving 4 chambers. Another group of 16 chambers were held on monolayer petri plate cultures of macrophages cultivated for 2 days in Chang's 4:5:1 medium. Each 35-mm petri plate culture held one diffusion chamber, and all cultures were incubated at 32 C in a 5% CO2 atmosphere. As soon as the chamber cultures were initiated, bacilli were harvested from the four base-line controls, and the yield of organisms determined for a zero-time control. The actual inoculum at zero time, rather than the original estimated inoculum, was used in subsequent calculations to determine increase and generation times of bacilli. After 20, 30, 40, and 50 days, groups of four chambers were terminated by removal from four mice, one guinea pig, and four petri plate cultures. As each chamber was removed, it was processed, bacilli were harvested, and the total yield of organisms was determined.
The comparative yield of M. lepraemurium from diffusion chambers with macrophages maintained in vivo and in vitro is shown in Fig. 1 . In addition, the distribution in the individual counts among each group of four replicate chambers is indicated by the vertical line (I) at each interval, as well as the average yield of bacilli from each group of four chambers at each harvest for the three maintenance systems employed. The consistency and reproducibility of bacillary counts among replicate chambers in the same group have been excellent, with the range in counts among the four chambers being quite small. In this experiment, the actual inoculum at zero time was .36 x 106 bacilli, and the best yield of organisms was in chambers that had been maintained in mice. In these chambers, there was a ninefold increase by 20 days. There continued to be a progressive increase in bacilli, and by 50 days the chambers maintained in mice gave a total yield of 72 x 106 bacilli, or a 30.5-fold increase. The yield of bacilli from chambers held in petri plate cultures of macrophages or maintained in guinea pigs was much less. In fact, there was only a fivefold increase in bacilli by the 20th day without a further significant multiplication in chambers from guinea pigs. There was a small but progressive and significant increase in the number of bacilli harvested from chambers maintained in petri plate cultures, which reached a maximum by the 40-day harvest. At that time, there were a total of 22 X 106 bacilli per chamber, which represents a ninefold increase.
Studies on growth of M. lepraemurium in diffusion chambers with and without macrophages, but maintained in the same animal hosts or system, are illustrated in Fig. 2 . Also, to confirm that any increase in bacilli was significant and due to viable organisms, chambers were inoculated with a M. lepraemurium suspension killed by autoclaving. The cell-free chambers with killed inoculum were implanted in mice and held for similar intervals as an inactivated bacillary control. The results clearly demonstrated that the presence of macrophages in the chambers enhanced the yield of bacilli at each interval, especially when maintained in mice (bar 2). There was only a slight increase in bacilli in chambers maintained in the guinea pig by the 20th day, but then the number remained constant without further increase (bar 1). Also, there was no difference in the yield of organisms from chambers with and without macrophages when maintained in guinea pigs at the time of the 40-or 50-day harvest. Petri plate cultures (bar 3) again showed a small but definite increase in bacilli that was somewhat greater than in the chambers held in the guinea pigs. There was no increase in the chambers inoculated with killed organisms and maintained in mice. In fact, the number of bacilli at each harvest was almost identical with the original inoculum (bar K), indicating a good recovery and consistency of counts with the inactivated bacilli. It is significant that the cellfree chambers maintained in mice (solid bar 2) showed a greater yield of acid-fast bacilli than chambers with macrophages held either in the guinea pig or on petri plates. There was an apparent increase of organisms in these cell-free chambers while they were maintained in the susceptible animal host.
Growth of bacilli in diffusion chambers with LM cells. Similar studies on growth of M. lepraemurium in diffusion chambers with LM cells are shown in Fig. 3 . In these experiments, cell-free chambers were compared with chambers containing LM cells. The chambers with and without cells were maintained in guinea pigs, mice, and monolayer petri plate cultures of LM cells. An inactivated inoculum of M. lepraemurium was used in cell-free chambers maintained in mice. There was a higher yield of bacilli from chambers with LM cells (open bar) than from cell-free chambers (solid bar). Also, chambers maintained in mice (bar 2) yielded more bacilli than chambers maintained in the guinea pig (bar 1), or held in monolayer petri plate cultures (bar 3). The yield of bacilli in chambers inoculated with killed organisms was essentially the same at each harvest and almost identical with counts of the original inactivated inoculum at day 0 (dotted lower portion, bar 2). Although LM cells enhanced the growth of M. lepraemurium, again there was a definite and progressive increase of the acid-fast bacilli in cell-free chambers maintained in mice (solid bar 2). These cell-free chambers showed a 10.7-fold increase of M. lepraemurium and compared favorably with the increase observed with cell-free chambers in conjunction with the macrophage studies (Fig. 2) .
A comparison of the host and chamber systems for enhancing growth of M. lepraemurium in the diffusion chambers with mouse peritoneal macrophages or LM cells, or in a cell-free environment, is illustrated in Fig. 4 . In this summary, the fold increase after 50 days is an average of two experiments for each system that was studied. The shortest generation time for every host-chamber system is given for the two experiments. The best yield of acid-fast bacilli was a 31-fold increase that was found in chambers containing macrophages and maintained by implanting in mice. The shortest calculated generation time for this system was 6.8 days (numeral within each bar) and compares to that reported by Chang (2) for M. keprae- greater yields of organisms with shorter generation times than comparable chambers maintained with or without cells either in guinea pigs or in homologous petri plate cultures. There was no increase of bacilli in chambers inoculated with killed organisms. Also, cell-free chambers held in petri plate cultures of either macrophages or LM cells showed no increase in bacilli. On the other hand, cell-free chambers maintained in mice gave an average 10. on November 6, 2017 by guest http://iai.asm.org/ Downloaded from ments and, in rare cases of an obviously broken membrane, the chamber was discarded. Also, all groups of cell-free chambers terminated at 50 days were examined for presence of cellular elements by two methods. In one technique, two intact chambers were removed from animals and rinsed thoroughly in saline to remove tissue and cells adhering to the outside surface. The chambers were placed in 10% neutral buffered Formalin overnight; then the Millipore membranes were cut around the inner rim of the frame. Both membranes with contained elements and clot were placed in 10% Formalin and embedded in paraffin. Histology sections were made, and were stained by a modification of the Fite-Faraco method (4); these were then examined for cells. In a second technique, two replicate chambers from the same group were removed from the animals, and were placed in 0.25 % trypsin to remove tissue and cells adhering to the outside surface. The chambers were washed with saline, and both membranes were removed from the frame by cutting around the inner rim. The membranes and contained elements were transferred to 0.25 % trypsin and agitated in the solution for 10 min at 37 C. After the trypsin extraction, the contents were centrifuged at 100 x g for 10 min, and the trypsin treatment was repeated. After the second extraction and centrifugation, the supernatant was removed and the pellet stained with erythrosin B and examined for viable and nonviable cells. Results of both of these examinations have been negative, and no cells have been observed in either the histological preparations or the stained pellets from the chambers. However, acid-fast bacilli were observed in the histology sections stained by the Fite method. All evidence accumulated by these trials indicates that the chambers remained cell-free when held in the mouse.
Bacilli harvested at 50 days from each group of chambers were tested for viability and pathogenicity by inoculating 5 X 103 organisms into the footpads of mice. Typical swelling and lesions developed that were identical to that produced by footpad inoculations with fresh suspensions of M.
lepraemurium. Also, bacillary suspensions harvested from each group of chambers were cultured at 37 C on Lowenstein-Jensen medium, blood-agar plates, and thioglycolate broth. No growth of acid-fast organisms or other bacterial contaminants has been observed.
Hence, the evidence suggests that the diffusion chamber technique with the use of the GS-type membrane permits growth of M. lepraemurium in a cell-free environment maintained within a susceptible host. There was a generation time of 11 days for the rat leprosy bacillus in this environment.
It seems evident that the diffusion chamber technique offers a unique system for growth of M. lepraemurium and provides a potential model that should be studied with the human leprosy bacillus.
